FERROMAGNETIC FRAME WITH LAMINATED CARBON STEEL 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims benefit of United 

States Application No. 60/252,697, filed November 22, 2000, 
the disclosure of which is hereby incorporated by reference 
herein . 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to magnetic resonance 

devices and more particularly to magnetic resonance device 
frames comprising laminated steel layers. 

[0003] Magnetic resonance studies are typically carried out 
in strong magnetic fields greater than one kilogauss and 
require a magnetic field homogeneity of the order of a few 
parts per million. Magnetic resonance devices comprise a 
magnet capable of achieving the required field strength while 
attaining the necessary field homogeneity over the large 
volume. The magnetic resonance apparatus usually includes a 
support structure or frame for the magnet, which is typically 
comprised of solid steel. The ferromagnetic frame defines a 
magnetic flux return path for eliminating strong leakage 
magnetic fields. 

[0004] Typically, the flux return path includes flux return 

members, supports for the poles and pole stems remote from the 
magnet poles. Since the ferromagnetic frame is constructed of 
solid steel, the ferromagnetic frames currently in use are 
bulky and difficult to fabricate, transport and assemble. 
Additionally, the bulk of the current solid steel frames 
contribute to the costliness in manufacturing the frames. 

[0005] It is further desirable for the support structure or 

ferromagnetic frame of a magnetic resonance device to comprise 
ferromagnetic material. The dimensions of the yoke cross 
sections along the flux return paths become substantial to 
avoid magnetic saturation of the ferromagnetic yokes at high 
field strengths. Greater yoke cross-sectional area results, 
of course, in an increase in magnet weight. The substantial 
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cross-section and weight of these magnets including the 
ferromagnetic frame limits the maneuverability of the magnet . 
It is therefore advantageous to have an alternate method of 
assembling the ferromagnetic frames for certain applications. 
[0006] Thus, it is desirable to have an apparatus and 

methods which would permit easy fabrication, transport and 
assembly of a ferromagnetic frame of a magnetic resonance 
apparatus . 

[0007] Accordingly, it is an object of the invention to 
provide a magnetic resonance device that is easily 
maneuverable and can easily be transported and assembled in 
pre-existing buildings . 

[0008] It is another object of the invention to provide a 

magnetic resonance device having a frame comprising laminated 
steel layers . 

[0009] It is another object of the invention to provide a 

magnetic resonance device having a ferromagnetic frame 
elements comprised of layers wherein the weight of the 
individual layer is substantially less than the weight of 
existing components . 
SUMMARY OF THE INVENTION 

[0010] According to the invention a magnetic resonance 
device includes a magnet defining a ferromagnetic structure 
formed of laminated steel layers. The ferromagnetic structure 
or frame supports a magnet for use in magnetic resonance 
studies, A pair of opposed ferromagnetic pole pieces are 
disposed facing each other and defining a patient-receiving 
gap therebetween for receiving a patient. The ferromagnetic 
structure includes at least one structural element and defines 
a flux return path. The structural elements are preferably 
formed of laminated steel layers. 

[0011] In a preferred embodiment of the invention, flux 

return path extends through at least one of the structural 
elements of the frame formed from laminated steel layers. The 
ferromagnetic structure may further include a pair of opposed 
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pole supports for supporting the pole pieces- The flux return 
members may extend between the pole supports- In addition, a 
pole stem may extend from the each of the supports. The pole 
stems may be formed of laminated steel layers transverse to 
the pole axis extending between the pole pieces. . The pole- 
axis may be horizontally or vertically oriented. . 
[0012] The magnetic resonance imaging device -further 

includes a magnetic flux source. Preferably, the laminated 
steel layers are low carbon sheets laminated together using a 
fastening method such as bolts or epoxy. The sheets 

preferably have a thickness in the range of about 0.014 inch 
to about 0.500 inch. 

[0013] In accordance with another aspect of the invention, 

the ferromagnetic structure comprises a room wherein the 
structural elements of the support structure comprise the 
ceiling, floor, and walls One or more of the structural 
elements of room may be formed of laminated steel layers. 

[0014] In accordance with another aspect of the invention, 

a method of constructing a ferromagnetic structure for a 
magnetic resonance imaging device at a site where the device 
will be used is provided. The method includes forming the 
ferromagnetic frame at the site by laminating steel layers 
together to form one of the structural elements of the frame. 
Other elements of the frame are then constructed by building 
upon the completed structural element, layer by layer. The 
completed ferromagnetic frame is then provided with a pair of 
pole pieces in an opposed relationship defining a patient- 
receiving gap. 

[0015] In one embodiment of the invention, the method may 

be implemented to construct the magnetic resonance imaging 
device in a room of a pre-existing building. 

[0016] In another embodiment of the invention, each of the 

structural elements may be formed individually and then the 
ferromagnetic structure may be constructed by bolting each of 
the elements together. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Additional objects and features of the invention 
will appear from the following description of the preferred 
embodiments of the invention in conjunction with the 
accompanying drawings . 

[0018] Fig. 1 is a perspective view of a magnetic 
resonance imaging device in accordance with one embodiment of 
the invention. 

[0019] Fig. 2A is a blown-up perspective view of the detail 

of section 26 in Fig. 1. 

[0020] Fig. 2B is a blown-up perspective view of the detail 

of section 39 in Fig. 1. 

[0021] Fig. 3 is a side elevation view of the magnetic 

resonance device of Fig. 1. 

[0022] Fig. 4 is a top plan view of the magnetic resonance 

device of Fig. 1. 

[0023] Fig. 5 is a sectional view taken along line 5-5 in 

Fig. 4. 

[0024] Fig. 6 is a perspective view depicting elements of 

the invention in accordance with one embodiment of the 
invention . 

[0025] Fig. 7 is a sectional view taken along line 7-7 in 

Fig. 6. 

[0026] Fig. 8 is a top plan view of a magnetic resonance 

imaging device in accordance with one embodiment of the 
invention , 

[0027] Fig. 9 is a side elevation view of the magnetic 

resonance imaging device of Fig. 8. 

[0028] Fig. 10 is a perspective view of a magnetic 

resonance device in accordance with one embodiment of the 
invention . 

[0029] Fig. 11 is a sectional view taken along line 11-11 

in Fig. 12. 

[0030] Fig. 12 is a front elevation view of the magnetic 

resonance device of Fig. 10. 
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DETAILED DESCRIPTION 

[0031] A magnetic resonance device 10 used in magnetic 
resonance studies as shown in Figs. 1, 3, 4 -and 5 is generally 
comprised of a magnet including a ferromagnetic support 
structure or ferromagnetic frame. A pair of ferromagnetic 
poles pieces 11 and 12 are disposed in an opposed relationship 
so that the pole pieces define a patient-receiving gap 15. 
The ferromagnetic frame includes at least one structural 
element, and preferably a plurality of parts . The upper 
ferromagnetic pole piece 11 and the lower ferromagnetic pole 
piece 12 are mounted to the frame at an upper pole piece 
support 13 and a lower pole piece support 14, respectively, 
which constitute a structural element of the frame. 
[0032] In a preferred embodiment, the upper pole piece 

support 13 comprises a pair of longitudinal members 13A and 
13B and a pair of opposing perpendicular members 13C and 13D. 
The lower pole piece support 14 comprises a pair of 
longitudinal members 14A and 14B and a pair of opposing 
perpendicular members 14C and 14D. As shown in Figs. 1 and 4, 
the longitudinal members extend substantially horizontally 
parallel to each other and the opposing perpendicular members 
extend substantially perpendicularly from a center area 30 of 
the longitudinal members. The opposing perpendicular members 
each define distal ends 31, 32, 37, 38 remote from the center 
area 30. 

[0033] The ferromagnetic frame further comprises a 

plurality flux return members 16-19, which support the upper 
and lower pole piece supports 13, 14 and constitute another 
structural element of the frame. Flux return member 16 
extends substantially vertically between a first end 33 of the 
upper longitudinal members 13A, 13B and a first end 34 of the 
lower longitudinal members 14A, 148. Flux return member 18 
extends substantially vertically between a second end 35 of 
upper longitudinal members 13A, 13B and a second end 36 of the 
lower longitudinal members 14A, 14B. Flux return member 17 
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extends substantially vertically between the distal end 31 of 
upper perpendicular member 13C and the distal end 37 of lower 
perpendicular member 14C. Similarly, flux return member 19 
extends substantially vertically between the distal end 32 of 
upper perpendicular member 14D and the distal end 38 of lower 
perpendicular member 14D, 

[0034] Referring to Fig. 3, each of the flux return members 

has an upper base portion 51 and a lower base portion 52 which 
are the widest parts of the respective flux return member. 
The flux return member further comprise a middle portion 53 
which is the narrowest part of the member having the greatest 
dimension in the radial direction relative to the pole pieces. 
The flux return member further comprises an upper transition 
portion 54 and a lower transition portion 55. The radial 
dimension of the upper transition portion progressively 
increases the further the distance from the base portion 51 
and toward the middle portion 53. The width of the transition 
portion similarly decreases from the maximum column width at 
the base portion 51 to the minimum column width of the middle 
portion 53 the further the distance from the base portion 51 
toward the middle portion 53. The lower transition portion 55 
similarly spans between the base portion 52 and the middle 
portion 53. 

[0035] The patient-receiving gap 15 between the poles 11 

and 12 is sufficiently large to receive the body of a patient 
who is to undergo study by magnetic resonance. Conductive 
coils or windings 20 and 21 are energizable for developing a 
magnetic field which passes through the gap 15 between pole 
pieces 11 and 12. 

[0036] A pair of annular ferromagnetic structures 22, 23 
referred to as shim bars are disposed on the pole faces of the 
pole pieces 11, 12 respectively. The shim bars 22, 23 reduce 
fringing of the magnetic field around the periphery of the 
pole pieces 11, 12, thereby increasing the volume of uniform 
magnetic field. 
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[0037] Fig. 5 is a vertical section taken along line 5-5 in 

Fig. 4. The upper and lower supports 13, 14 are secured to 
the columns, for example, by threaded shafts. The upper pole 
piece 11 is secured to the upper pole piece support 13 through 
intermediary pole stem 24 and the lower pole piece 12 is 
secured to the lower pole piece support 14 through 
intermediary pole stem 25. The pole stems 24, 25 are another 
structural element of the frame. 

[0038] Magnetic flux developed by the coil 20 flows through 
the pole stem 24 and into the pole piece 11, The magnetic 
flux leaves the pole piece 11 and crosses the gap 15 to enter 
the pole piece 12. The flux then travels through the poles 
stem 25 into the pole piece support 14 and returns through the 
flux return members 16-19 and pole piece support 13. The 
magnetic flux developed by the coil 21 follows the same path 
as the flux developed by coil 20. 

[0039] Referring now to Figs. 1-5, the ferromagnetic frame 
according to the present invention comprises the upper and 
lower pole piece supports 13, 14, the flux return members 16- 
19 and the pole stems 24, 25. Each of these elements of the 
ferromagnetic frame, as illustrated, is formed of laminated 
steel layers laminated together to form a single monolithic 
plate or layer for each element of the frame. The layers as 
illustrated in the figures are not drawn to scale, but are 
included for clarity of description. The upper and lower 
supports 13,14, including the perpendicular members and the 
longitudinal members, are formed of a plurality of laminated 
steel layers 27 laminated together to form each of the single 
monolithic elements. Similarly, each of the flux return 
members 16-19, including the upper base portion 51 is formed 
of laminated steel layers 28 laminated together to form a 
single monolithic element of the flux return member. The 
upper and lower pole stems 22,24 are formed of laminated steel 
layers 29 laminated together to form the single monolithic 
elements. 



[0040] In a preferred embodiment, any one or more of the 

structural elements comprising the ferromagnetic frame is 
formed of laminated steel layers of the appropriate shape 
laminated together to form a single monolithic element. 
Therefore, each of the upper and lower longitudinal members 
13A, 13B, 14A, 14C and the upper and lower opposing 
perpendicular members 13C, 13D, 14C and 14D are formed of a 
plurality of appropriately shaped laminated steel layers 27, 
the flux return members 16-19 are formed of a plurality of 
appropriately shaper laminated steel layers 28 and the upper 
and lower pole stems are formed of a plurality of 
appropriately shaped laminated steel layers 29. Although the 
figures show each of the structural components of the 
ferromagnetic frame formed of laminated steel layers, the 
present invention also contemplates a ferromagnetic frame in 
which only one or some of its structural components are formed 
of laminated steel layers with the other components being sold 
steel pieces. 

[0041] The present invention also contemplates the 

orientation of the laminated steel layers in any direction, 
although the preferred orientation of the steel layers is 
illustrated in the figures. For example. Fig. 5 shows the 
laminated layers 27 of the upper and lower longitudinal 
members oriented with the length of the layer extending 
horizontally, the width of the layer extending vertically and 
the depth or thickness of the layer extending laterally. The 
layers, however, may be oriented with the length extending 
laterally and the thickness extending horizontally, in which 
case the length of the layers would be substantially less. 
Moreover, the laminated layers 28 of the flux return members 
16-18 may be oriented with the thickness extending laterally, 
rather than horizontally as shown. Likewise, the laminated 
layers 29 of the pole stems 24,25 may be oriented vertically, 
rather than horizontally. Thus, steel layers of the 

appropriate shape may be oriented in any direction necessary 
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to achieve the desired shape of the particular structural 
component of the ferromagnetic structure. 


utilized in the ferromagnetic frame are made of ferromagnetic 
material such as low carbon sheets, although other 
ferromagnetic material may be utilized. The preferred content 
of the low carbon sheets is .01% carbon known as 1001 steel, 
although steel with a higher carbon content, such as 1006 or 
1008 steel, can be utilized. Preferably, the thickness of 
each laminated steel sheet is in the range of about 0.014 inch 
to about 0.500 inch. Moreover, the thickness of each 

laminated steel sheet forming a single element does not have 
to be uniform. Therefore, a single structural element of the 
ferromagnetic frame may be formed of laminated steel layers 
having various thicknesses. 

[0043] The layers may be fastened or laminated together 
using bolts, epoxy or any other fastening method. 

[0044] The present invention may be incorporated into a 

full-room size magnetic resonance device, such as that 
disclosed in commonly assigned United States Patent No. 
6,201,394 issued March 13, 2001, the disclosure of which is 
hereby incorporated by reference herein. Figs. 6 and 7 show 
another embodiment of the invention where the magnetic 
resonance device is a full-room size. The ferromagnetic frame 
comprises the walls, ceilings and floor of the room. Thus, 
any one or more of the walls, ceiling and floor themselves are 
formed of laminated steel layers, as discussed below. 

[0045] A magnetic resonance imaging device 110 is generally 
comprised of a magnet including a ferromagnetic support 
structure or ferromagnetic frame which is incorporated into 
the walls, ceiling and floor of a 140 room in which the 
magnetic resonance imaging device 110 is installed. The 
magnet includes a pair of ferromagnetic poles pieces 111 and 
112. The upper ferromagnetic pole piece 111 is mounted to the 
ferromagnetic frame at an upper pole piece support 113, which 


[0042] 


It is preferable that the laminated steel layers 
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also is the ceiling of the room 140. The lower ferromagnetic 
pole piece 112 is mounted to the ferromagnetic frame at a 
lower pole piece support 114, which is also the floor of the 
room 140 . 

[0046] The ferromagnetic frame further comprises a 

plurality flux return members 116,117, which support the upper 
and lower pole piece supports 113,114 and also act as walls of 
the room 140. Wall 116 extends substantially vertically 
between a first end 133 of the ceiling 113 and a first end 134 
of the floor 114. Wall 18 extends substantially vertically 
between a second end 135 of the ceiling 113 and a second 
end 136 of the floor 14. 

[0047] A patient-receiving gap 115 between the poles 111 
and 112 is sufficiently large to receive the body of a patient 
who is to undergo study by magnetic resonance. Moreover, the 
room 140 is sufficiently large enough to accommodate medical 
personnel to perform any necessary procedures on the patient. 
For example, the room is such that medical personnel may stand 
within the room and perform procedures on the patient. 
Medical personnel are afforded access to the room 140 through 
door 141. 

[0048] Conductive coils or windings 120 and 121 are 

energizable for developing a magnetic field which passes 
through the gap 115 between pole pieces 111 and 112, 

[0049] A pair of annular ferromagnetic structures 122, 123 
referred to as shim bars are disposed on the pole faces of the 
pole pieces 111, 112 respectively. The shim bars 122, 123 
reduce fringing of the magnetic field around the periphery of 
the pole pieces 111, 112, thereby increasing the volume of 
uniform magnetic field. 

[0050] The upper pole piece 111 is secured to the 
ceiling 113 through intermediary pole stem 124 and the lower 
pole piece 112 is secured to the floor 114 through 
intermediary pole stem 125. 
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[0051] Magnetic flux developed by the coil 120 flows 
through the pole stem 124 and into the pole piece 111. The 
magnetic flux leaves the pole piece 111 and crosses the gap 
115 to enter the pole piece 12. The flux then travels through 
the poles stem 125 into the floor 114 and returns through the 
walls 116^ 117 and ceiling 113. The magnetic flux developed 
by the coil 121 follows the same path as the flux developed by 
coil 120. 

[0052] The ferromagnetic frame according to the present 
invention comprises the ceiling and floor 113,114, the walls 
116,117 and the pole stems 124,125. Each of these elements of 
the ferromagnetic frame is formed of laminated steel layers 
laminated together to form a single monolithic plate or layer 
for each element of the frame. The ceiling 113 and floor 114 
each comprise a plurality of laminated steel layers 127 
laminated together to form the single monolithic element of 
the ceiling 113. Similarly, the walls 116, 117, are formed of 
laminated steel layers 128 laminated together to form a single 
monolithic element. The pole stems 124, 125 are each formed 
of laminated steel layers 129 laminated together to form a 
single monolithic element. 

[0053] One or more the structural elements comprising the 
ferromagnetic frame is formed of laminated steel layers of the 
appropriate shape laminated together to form the single 
monolithic element. Therefore, the ceiling 113 and floor 114 
are formed of a plurality of appropriately shaped laminated 
steel layers 127, the walls 116,117 are formed of a plurality 
of appropriately shaped laminated steel layers 128 and the 
upper and lower pole stems 124,125 are formed of a plurality 
of appropriately shaped laminated steel layers 129. 

[0054] It is preferable that the laminated steel layers 

utilized in the ferromagnetic frame are made of ferromagnetic 
material such as low carbon sheets, although other 
ferromagnetic material may be utilized. The preferred content 
of the low carbon sheets is .01% carbon known as 1001 steel. 


although steel with a higher carbon content, such as 1006 or 
1008 steel may be utilized. Preferably, the thickness of each 
steel laminated sheet is in the range of about 0.014 inch to 
about 0.500 inch . 

[0055] The layers may be fastened or laminated together 
using bolts, epoxy or any other fastening method. 

[0056] The ferromagnetic frame may also be incorporated 
into a magnetic resonance imaging device having a horizontal 
pole axis, such as the devices disclosed in commonly assigned 
United States Patent Application Nos . 09/789, 460 filed 

February 21, 2001 and 09/718,946 filed November 22, 2000, the 
disclosures of which are hereby incorporated by reference 
herein. Referring now to Figs. 8 and 9, another embodiment of 
the invention is shown. A magnetic resonance imaging device 
210 includes a magnet having ferromagnetic frame and pole 
pieces 212 defining an opposing relationship along a 
horizontally oriented pole axis 242. The pole pieces define a 
patient-receiving gap 215. The frame includes a first support 
213 and a second support 214. Flux return path 216 connects 
the first support 213 to the second support 214. Flux 
generating means such as permanent magnets, superconducting 
coils, or resistive electrical coils 220 are provided. The 
ferromagnetic frame is supported above a floor 24 6 by columns 
248 . 

[0057] The structural elements of the frame are formed of a 

plurality of laminated steel layers. Therefore, the first and 
second supports 213, 214 comprise a plurality of steel layers 
227 laminated together via bolts, epoxy or other fastening 
means. The flux return path 216 is also formed of a plurality 
of laminated steel layers 228. Thus, in this embodiment of 
the invention, the pole axis is horizontally oriented. 

[0058] Referring now to Figs. 10, 11 and 12, another 

embodiment of the magnetic resonance imaging device having a 
horizontal pole axis is illustrated. A magnetic resonance 
imaging device 310 includes a magnet having a ferromagnetic 


frame and pole pieces 311,312 defining an opposing 
relationship along a horizontally oriented pole axis 342. The 
pole pieces define a patient-receiving gap 315. The frame 
includes first pole piece supports 313 and second pole piece 
supports 314. The pole piece supports 313,314 extend 

substantially vertically and support the pole pieces 311,312 
in a substantially vertical direction. Thus the pole pieces 
define a horizontal pole axis through the gap 315. Flux 
return members 316-319 extend substantially horizontally 
between the first supports 313 and the second supports 314. 
Flux return members 316 and 317 define an upper opening 344 
therebetween and flux return members 318 and 319 define a 
lower opening 345 therebetween. The pole axis 342 is aligned 
with the openings 344,345. Flux generating means such as 
permanent magnets, superconducting coils, or resistive 
electrical coils 320,321 are provided. The ferromagnetic 
frame is partially disposed within a floor 346. 

[0059] The structural elements of the frame are formed of a 

plurality of laminated steel layers. Therefore, the first and 
second supports 313,314 comprise a plurality of steel layers 
laminated together via bolts, epoxy or other fastening means. 
The flux return members 316-319 are also formed of a plurality 
of laminated steel layers. Thus, in this embodiment of the 
invention, the pole axis is horizontally oriented. 

[0060] The laminated steel layers according to the present 

invention are easier to fabricate than solid steel components 
of the typical ferromagnetic frames because the layers may be 
mass produced by a conventional stamping press. In addition, 
the individual layers are relatively light, up to a maximum of 
290 pounds, compared to the typical solid steel components. 
Thus, the present invention further contemplates a method of 
constructing a magnetic resonance imaging device. 

[0061] The method comprises forming a ferromagnetic frame 

at a site where the magnetic resonance imaging device will be 
utilized. First, the ferromagnetic frame including a flux 
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return path and one or more of the structural elements is 
formed at the site. The frame is formed by laminating a 
plurality of steel layers together to form one of the 
structural elements of the frame^ including the upper and 
lower support pieces 13, 14, the upper and lower pole stems 
24, 25 and the flux return members 16-19. The appropriately 
shaped laminated steel layers 27, 28, and 29 are provided. 
Thus, for example, the lower support piece 14 may be 
constructed starting with the first laminatred layer. 
Additional layers are laminated to the first layer until the 
lower support piece is complete. Then, the lower pole stem 25 
may be assembled by laminating the first layer of the pole 
stem to the last layer of the lower pole support. Then, 
additional layers may be laminated together until the lower 
pole stem is completed. The flux return member 16-19 may then 
be assembled by laminating a first layer of each of the 
members to the appropriate position on the lower pole support 
13. 

[0062] Thus, one structural element of the frame is first 

completed and then any structural elements connected to the 
completed element are easily constructed by building upon the 
completed element. This process is repeated until the 

ferromagnetic frame is complete. When the frame is completed, 
the pole pieces 11, 12 are provided in an opposed relationship 
to define a pat lent -receiving gap therebetween . 

[0063] In accordance with another embodiment of the 

invention, each of the structural elements may be assembled 
individually, either at a site or remote from the site. The 
magnetic resonance device may then be assembled at the site by 
connecting the individual structural elements together, for 
example, by bolting the elements together. 

[0064] The method according to the present invention may be 
used to assemble a magnetic resonance imaging device in a room 
of a pre-existing building, since the laminated steel layers 
may be carried and maneuvered through the building and fit 
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through the doorways. The pre-existing building may be any 
building, such as a hospital or a building dedicated to 
magnetic resonance imaging procedures. 

[0065] The individual steel layers can be handled manually 
or with small equipment such as conventional lifting devices 
including small mobile lift trucks. Thus, there is no need 
for large, high-capacity equipment, such as cranes, during on- 
site assembly. Moreover, a particularly advantageous aspect 
of the invention is that it may be incorporated into pre- 
existing buildings since the layers are easily maneuverable . 
Thus, a new magnetic resonance device may be constructed into 
a pre-existing building since the size of the layers and the 
size of the required handling equipment allows the layers and 
equipment to be maneuvered through the doorways, halls and 
rooms of pre-existing buildings, with the need to remove large 
portions of walls. Even where some removal is required, the 
amount of such work is substantially less than that required 
for conventional magnetic resonance devices. 

[0066] Although the invention herein has been described 
with reference to particular embodiments, it is to be 
understood that these embodiments are merely illustrative of 
the principles and applications of the present invention. It 
is therefore to be understood that numerous modifications may 
be made to the illustrative embodiments and that other 
arrangements may be devised without departing from the spirit 
and scope of the present invention as defined by the appended 
claims . 


